To determine the long-term results of liver transplantation for well-or moderately differentiated hepatocellular carcinoma (HCC). Summary Background Data: HCC patient selection for liver transplantation remains controversial, and deciding exclusively on the strength of criteria such as number and size of nodules appears prognostically inaccurate. Methods: Since 1991, preoperative tumor grading has been used at our center to establish whether a patient with HCC is fit for transplantation. Poorly differentiated HCC cases were excluded, while size and number of nodules were not considered as absolute selection criteria. Thirty-three patients with moderately or welldifferentiated HCC were prospectively studied after liver transplantation. A group of 15 patients with incidental HCC transplanted during the same period were also evaluated and compared with the 33 patients with preoperatively diagnosed HCC. Results: On histologic examination, 38% of the entire group of 48 patients did not meet the "Milan criteria" and 42% were pTNM stages III and IV. The median follow-up was 44 months. The 5-year actuarial survival rate was 75% and recurrence-free survival was 92%. HCC recurred in only 3 patients (6%). The only histomorphologic variable differing significantly between incidental and nonincidental HCC was nodule size. The timing of diagnosis (incidental vs. nonincidental HCC), the Milan criteria, and the TNM stage revealed no statistically significant impact on overall and recurrence-free survival rates. Conclusions: The routine pre-orthotopic liver transplantation tumor grading may represent a valid tool in the selection of unresectable HCC patients for transplantation.
O ver the last decade, the disappointing results reported in early publications on transplantation for hepatocellular carcinoma (HCC) [1] [2] [3] and the scarce availability of liver donors 4 have favored the introduction at many centers [5] [6] [7] of stringent morphologic criteria (solitary nodule Ͻ5 cm, 3 nodules Ͻ3 cm) for listing HCC patients for orthotopic liver transplantation (OLT). Many papers 8 -13 have shown, however, that adopting these criteria carries the risk of a significant number of patients being refused a potentially curative solution. Conversely, a significant proportion of patients assumed to be good transplant candidates are actually at high risk of tumor recurrence.
Recent studies have shown that tumor grade and microscopic vascular invasion represent a much more direct indicator of the biologic progression of HCC and hence of posttransplant tumor recurrence risk. 8,14 -22 Only tumor grade can be routinely determined preoperatively, however, and may thus be a worthwhile criterion for selecting candidates for OLT. 8, 9, 15, [23] [24] [25] [26] Several works published in the 1980s had already pointed out the relevance of the histologic features of HCC, and grade in particular, to the prognosis of patients undergoing resection or transplantation. [27] [28] [29] [30] [31] Since 1991, our center has adopted a protocol for selecting HCC patients for OLT that considers preoperative grading as a means for excluding the biologically most aggressive cases, while size and number of nodules were not considered absolute selection criteria.
The aim of the present study was to evaluate the efficacy of OLT in a group of HCC patients selected on the basis of specific criteria, which excluded the biologically most aggressive cases according to grade. A group of patients with incidentally detected HCC transplanted during the same interval was also prospectively observed.
PATIENTS AND METHODS

Study Design Preoperatively Known HCC (pkHCC)
Between July 1991 and May 2002, 133 HCC patients seen at our center were considered unresectable due to the morphologic features of the tumor, the severity of cirrhosis, or the patient's general conditions. HCC was histologically confirmed in all patients by ultrasound-guided percutaneous hepatic needle biopsy (FNAB). The grade of HCC differentiation was determined at the same time, according to the Edmonson-Steiner criteria. 32 The following exclusion criteria were established for OLT short-listing: general contraindications to transplant (age, severe extrahepatic diseases, recent malignancies, compliance), extrahepatic spread or vascular invasion (preoperatively evident or suspected), and poorly differentiated HCC (G3) at pre-OLT FNAB. Ninety-three of the 133 patients (70%), having 1 or more of the above features, were excluded (Table 1) . Among the 10 excluded G3 HCCs, 6 were initially TNM stage II, 5 met the Milan criteria, and 6 had the largest nodule Ͻ 5 cm. The median survival for this group of 10 patients was 6 months (range 1-19 months), despite several therapeutic strategies being attempted (transarterial chemo-embolization [TACE], percutaneous ethanol injection [PEI], chemotherapy [CT]). Moreover, 60% died with multiple bone and lung metastases.
Forty of the 133 HCC patients (30%) joined the waiting list for OLT: 33 (82.5%) were transplanted and are the topic of the present study; 6 (15%) were still awaiting transplantation as of May 31 st 2002; one (2.5%) was removed from the waiting list after developing neoplastic portal thrombosis 3 months after listing.
Incidental HCC (iHCC)
A total of 327 OLTs were performed at our center during the study period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . In 15 cases (4.6%), HCC was diagnosed on the explanted liver. This group of patients was also followed up prospectively.
Patient Characteristics, Staging Procedures, Follow-up
The baseline features of the entire group are given in Table 2 , including the characteristics of their iHCC and pkHCC. Forty-two patients (87%) had virus-related cirrhosis (HCV in 26, HBV in 8, both in 8) and liver function was severely compromised (Child B-C) in 41 cases (85%). Alphafetoprotein (AFP) levels were below 100 in 81% of patients at the time of listing. The proportion of patients with severe cirrhosis (Child C), but normal AFP levels was significantly higher among iHCC than among pkHCC cases (53% vs. 19%, P ϭ 0.003; and 60% vs. 18%, P ϭ 0.002).
The preoperative evaluation included: hepatic Doppler US, hepatic Lipiodol-arteriography, abdominal CAT, angio-CAT or angio-MRI (if vascular invasion was suspected), chest and brain CAT, and total-body bone scintigraphy to rule out extrahepatic metastases. These tests were repeated if patients remained on the transplant waiting list for more than 6 months. The median waiting time between final staging and transplant was 3 months (range 1-6 months). Preoperative staging (33 cases) revealed 14 patients (43%) in TNM stages *Statistically significant difference (P Ͻ 0.05). † No HCC with grades 3 or 4 (study exclusion criterion). ‡ Histopathology of explanted liver meets Milan criteria. Of the 18 patients who did not meet the Milan criteria, 14 (30%) had more than three nodules, 3 (6%) had a single nodule Ͼ5 cm, 1 (2%) had 3 nodules, the largest being 4 cm. Among the 14 with more than 3 nodules, there were also 3 patients whose largest lesion exceeded 5 cm. In the iHCC group, all 4 patients not meeting the Milan criteria had more than 3 nodules. III and IV, while 13 (39%) did not meet the "Milan criteria." 6 OLT was performed with a venovenous bypass in 13 (27%) of the 48 cases studied, while a "piggyback technique" was used in the other 35. In one case (2%), a split liver from a cadaveric donor was used, while there were no living donor liver transplantations in this series. During the transplant, complete hepatic artery lymphadenectomy was performed in all patients with pkHCC. The explanted liver underwent histologic assessment by an experienced pathologist who recorded HCC type, number and size of nodules, grade, microvascular and macrovascular invasion, any fibrous encapsulation, and lymph node involvement. In cases of death after transplantation, autopsy was performed to assess the cause of death and identify any disease recurrence. Posttransplant immunosuppressive therapy consisted of cyclosporine or tacrolimus in association with steroids, which were tapered off within 6 months of transplantation. Follow-up at 1, 3, and 6 months after transplantation, and every 6 months thereafter, always included liver US and AFP assay. Total-body CT was performed a year after transplantation or whenever tumor recurrence was suspected.
Associated Therapies
Most patients with pkHCC (94%) had TACE and/or other therapies (PEI, radiofrequency ablation [RF], CT) while on the waiting list ( Table 2) .
Up until 1998 (the first 24 study patients), all patients with HCC nodules exceeding 2 cm or multiple nodules of any size (T2, T3, T4 on histology of the explanted liver) were administered postoperative CT. From 1998 onwards (further 24 study patients), this approach was no longer applied to HCV-positive patients to reduce the risk of post-OLT viral recurrence. CT included 5-fluorouracil and carboplatin (1 cycle a week for 6 months). In all, 21 patients (44%) received CT after transplantation: 8 in the iHCC group (53% of the group) and 13 in the pkHCC group (39%).
Statistical Analysis
Post-OLT recurrence-free and overall survival rates were the end-point of the study. The 2 test, Fisher exact test, and logistic regression, where appropriate, were used for comparisons (iHCC vs. pkHCC). The cumulative overall and recurrence-free survival rates were calculated by the Kaplan-Meier method. The survival curves were compared using the log-rank test. All statistical tests were two-tailed. Analyses were performed using the SAS Institute statistical package (JMP). Differences were considered significant at P Ͻ 0.05.
RESULTS
Histopathological Data and Tumor Staging
The histopathological features of the HCCs are summarized in Table 3 . In the pkHCC group, liver hilum lymph nodes were always negative for infiltration at histology. None of the patients involved in the study had macroscopic vascular invasion. In all pkHCC patients (33 cases), histopathology on the explanted liver was fully concordant with preoperative findings in terms of grading. The 15 iHCCs were also found well-to moderately differentiated on pathologic assessment in all cases.
When the pathologic features of the iHCCs and pkHCCs were compared, only nodule size differed significantly (1.8 vs. 2.5; P ϭ 0.03). At post-OLT staging, 42% of the patients were classified as pTNM stages III-IV and 38% did not meet the Milan criteria. No significant differences emerged in the distribution of iHCC and pkHCC patients according to TNM stage or Milan criteria. The findings in pre-OLT imaging studies were different from the pathologic findings in a large number of patients (Table 4 ).
Overall and Recurrence-Free Survival Analysis
As of May 31 st 2002, the median follow-up for the whole study group (48 patients) was 44 months (range 3-120 months). Four patients (8.3%) were retransplanted, 2 owing to acute liver failure (within a month of the first transplant) and 2 because of recurrent viral-related cirrhosis (12 and 16 months after the first transplant). At histopathology, the explanted livers showed no signs of tumor recurrence. Overall mortality was 19% (9 cases), and only in 2 patients (4%) was death related to tumor recurrence (Table 5 ). Altogether, there were only 3 cases of HCC recurrence (6%), all histologically confirmed, 3, 10, and 11 months after OLT (median time to recurrence 7 months). The patient with the earliest recurrence was treated with 12 cycles of PEI on 2 recurrent liver lesions and is still alive and disease free 88 months after transplantation. One-, 3-, and 5-year actuarial survival rates were, respectively, 94%, 79%, and 75%. Recurrence-free survival remained constant at 92% since all relapses occurred within the first year (Fig. 1) . The survival curve for HCCrelated transplants at our center coincides with the curve for OLT for nonmalignant diseases (Fig. 2) . The prognostic significance of the main demographic, clinical, and pathologic variables in our series is shown in Table 6 . As was to be expected, given the low number of tumor recurrences, none of these variables had a statistically significant impact on overall and disease-free survival, and none revealed any statistically significant differences when analyzed separately in relation to the iHCCs and pkHCCs. Two recurrences occurred among the pkHCC patients and 1 in the iHCC group: all 3 met the Milan criteria before transplantation and only 1 did not after histologic assessment on the explanted liver (Fig. 3) .
The 2 variables (number and size of nodules) were unrelated with the overall and recurrence-free survival of the 48 patients. As for the pTNM classification, the 3 recurrences occurred in 1 pTNM stage I patient and 2 pTNM IV patients.
DISCUSSION
Hepatocellular carcinoma now represents the fifth most frequent malignant tumor in the world (564,000 cases a year) and the third cause of death due to cancer. 33, 34 Liver transplantation is the only option capable of simultaneously curing both HCC and the underlying liver disease. The chances of benefiting from OLT are hindered, however, by the limited number of donors, resulting in a high risk of exclusion due to disease progression while awaiting transplantation. 4 The core problem is thus the careful selection of patients who can benefit from liver transplantation, which also means identifying patients whose risk of recurrence is as low as possible. The adoption of strict macromorphological selection criteria (size and number of nodules) has led to a stunning improvement in the survival rate for transplanted HCC patients in the last 10 years, but several recent studies have shown the prognostic limitations of such criteria. 8, 9, 12, 18, 26 First of all, relying exclusively on the tumor's macromorphological characteristics may result in misdiagnosis due mainly to the limits of imaging techniques 12, 35 . As pointed out in a report from Milan, 6 27% of patients exceeded the original study entry criteria at histologic examination of the explanted liver. 6 In the present study, the pre-OLT stage was inconsistent with the post-OLT stage in 16 pkHCC patients (48%) according to TNM stages, and in 5 (14%) according to the Milan criteria (Table 4 ).
Furthermore, the macromorphological characteristics of HCC give an imprecise estimate of the tumor's aggressiveness. In a study by Kirimlioglu et al, 13 almost 15% of small HCCs (Ͻ5 cm) developed aggressive features, rather like flat carcinomas of the bladder and colon. In a series of 120 patients transplanted for HCC, Jonas et al 8 reported HCC recurrence in 17% of cases (it was the main cause of death after OLT), a G3 HCC in 17% of patients and histologically confirmed vascular invasion in 40%, despite using the Milan criteria to select patients for OLT.
Conversely, tumor differentiation at the time of transplantation represents a direct index of the disease's biologic aggressiveness and is probably a more accurate indicator of the risk of recurrence. 9, 18, 26 Klintmalm 9 analyzed the impact of tumor features on survival and recurrence in 422 transplanted patients (International Register of Hepatic Tumors) and showed that, in well-differentiated HCC, tumor size and vascular invasion did not affect survival or tumor recurrence, while grading was the only independent prognostic factor emerging from multivariate analysis. Tamura et al 26 claimed where the donor has a strong will for dedication and there is no waiting list problem, less selective enrollment criteria for HCC patients are claimed. 34, 35 In our experience, 13 patients (39% of the pkHCC group) underwent OLT despite not meeting the Milan criteria preoperatively ( Table 2 ), but none of them had HCC recurrence. Recent studies have shown the importance of microscopic vascular invasion as an independent prognostic factor for HCC patients undergoing resection or transplantation, 8,14 -21 but this histopathological parameter cannot be used for preoperative selection because it is only assessable by histopathology on the explanted liver. Some studies have shown that the main predictor of microvascular invasion is the histologic grade of the HCC, which can be determined preoperatively by percutaneous needle biopsy. 8, 9, 15, [22] [23] [24] The close relationship between these two parameters may explain why vascular invasion is often eliminated in multivariate models for analyzing tumor recurrence prognostic factors that include histologic grading, and vice versa. 8,9,14 -24 Our study confirmed this theory, showing a very low incidence of microscopic vascular invasion (4%) when only G1-G2 HCCs were considered for OLT. Nonetheless, the degree of differentiation of HCC can affect the recurrence risk irrespective of any vascular involvement, being an independent marker of the tumor's biologic aggressiveness. 9, 26 This is consistent with the lack of tumor recurrence in our 2 cases of vascular microinvasion.
As a consequence, many authors say that liver needle biopsy is essential in proper patient selection for transplantation, although they fear the risk of tumor seeding. 9, 18, 26 There were no cases of tumor implantation attributable to needle biopsies in our experience, however.
HCC recurred in only 6% of our cases and was a minor cause of death after OLT (Table 5 ). Multifocal and bilobular lesions, occurring, respectively, in 50% and 27% of our patients, had no prognostic significance. The percentage of patients with tumors Ͼ5 cm was only 12% of the entire group and 18% of patients with pkHCC, but none of them had recurrent disease. The exclusion criteria (extrahepatic metastases, vascular invasion, poorly differentiated HCC) may have indirectly set a limit for the size rather than for the number of nodules, and this could explain the characteristics of our population. The 3 recurrent HCCs were all G2 unencapsulated tumors but Ͻ5 cm (Table 6 ). Moreover, the long median follow-up in our series (44 months) implies a low risk of underestimating tumor recurrence since the only 3 tumor relapses occurred within a year of transplantation.
The prevalence of iHCC in our study (31%) was comparable with other reports 8, 9 and related to the diagnostic limits of imaging techniques and the prolonged waiting time. 36 Despite the difference in the size of the nodules (Table 4) , the recurrence-free survival of patients with iHCC was not significantly better than in patients with pkHCC ( Fig.  3) , as confirmed elsewhere. 9 We found a trend toward a FIGURE 3. A: Comparison between recurrence-free survival curves for iHCC versus pkHCC cases. The log-rank test found no statistically significant differences. B: Comparisons between recurrence-free survival curves for HCC that did versus did not meet the Milan criteria after histologic assessment. The logrank test found no statistically significant differences.
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Liver Transplantation for Grades 1, 2 HCC statistically significant difference (P ϭ 0.06) in overall survival rates between the 2 groups (iHCC vs. pkHCC, Fig. 2 ), but this does not seem to be justified by the tumor's characteristics and recurrences (Table 5) . Overall, this suggests that iHCC should be considered in the same way as pkHCC for prognostic purposes and, consequently, also in terms of postoperative treatment and follow-up. 9 Several papers 10, 37, 38 have shown that complementary therapies (resection, TACE, CT, PEI) may help control tumor growth while awaiting transplantation and thus reduce the risk of micrometastatic deposits in the early postoperative phase (chemotherapy). In our series, using a multimodal approach both preoperatively (94% of pkHCC patients were treated while awaiting OLT) and postoperatively (44% of all HCC patients received CT) probably contributed toward the results in terms of overall and recurrence-free survival.
CONCLUSION
In the group studied with all cases of G1-G2 HCC, the usual HCC staging procedures (TNM, Milan criteria) applied in retrospect were unable to predict tumor recurrence, whereas using HCC grades (G1 and G2) based on preoperative FNAB to select candidates for OLT was associated with an extremely low rate of tumor recurrence comparable with that of incidentally detected HCC, and an overall long-term survival comparable with OLT for benign diseases (Fig. 2) . These results are consistent with reports in the literature after OLT in carefully selected HCC patients, [5] [6] [7] although nodule size and number were not used as selection criteria. Our experience confirms observations by some other authors 9, 18, 26 that tumor differentiation may accurately reflect tumor aggressiveness and the consequent posttransplant risk of recurrence. It appears to be more accurate than macromorphological parameters and also reduces the risk of rejecting patients who would in fact benefit from OLT. These results support a new strategy for selecting HCC patients suitable for transplantation based on immunohistochemical or molecular biology techniques for identifying new biohumoral or pathologic factors relating to the invasiveness of HCC. In association with histologic grading, such new parameters could further increase prognostic precision in estimating the post-OLT risk of tumor recurrence, substantially improving the patient selection process. 39 -44 Further studies are needed in this direction.
